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ABSTRACT 



A packet switched communications system is provided in 
which a station communicates with at least one user over 
downlink communication channel, the downlink communi- 
cation channel being divided into a plurality of frames and 
each frame including a plurality of data packets. Each data 
packet is directed to a predetermined user and includes 
transmission power control information for said user. An 
extended transmission power control information field is 
provided in at least one data packet in every frame, which 
includes transmission power control information for 10 at 
least one other user of the communication system. 

5 Claims, 8 Drawing Sheets 
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TRANSMISSION POWER CONTROL FOR user, and characterized in that at least one data packet in 

PACKET SWITCHED COMMUNICATIONS « ve ry frame includes transmission power control informa- 

SYSTEMS {ion f° r at * cast oae other user of the communication system. 

The system may include a null user packet, not directed 
5 to any predetermined that includes transmission power con- 

CROSS-REFERENCE TO RELATED trol information for at least one user of the communication 

APPLICATION system. At least one packet (either data or null user) in every 

frame includes transmission power control information for 
This application claims priority of European Patent Appli- a t least one other user of the communication system, 
cation No. 98306013.8, which was filed on Jul. 28, 1998. 1Q According to a second aspect of the invention there is 
This invention relates to communication systems and provided a method of packet switched communication 
more particularly to a method and system for the fast closed between a station and at least one user comprising providing 
loop power control in Wideband Code Division Multiple a downlink communication channel over which said station 
Access (W-CDMA) communications. communicates with said at least one user, dividing said 
™ n t „. . nmjfA . downlink communication channel into a plurality of frames, 
Traditionally, user traffic in a CDMA system is circuit is , c • 1 j* i i** c j * 1 ; j- ** 
. . , , J l 11 t. l - each frame including a plurality of data packets, directing 
switched and, 5 once a cafi has been set up, the connection eacfa dala ket tQ * r / determmed ^including in each 
is maintained throughout the duration of the service request daU packet transmission power m f orma tion for said 
A Dedicated Traffic Channel (DTCH) is assigned to each user> m6 characterized in that at least one data packet in 
active user for both the uplink and the downlink and each every frame irichldes transmission power control informa- 
DTCH is characterized by a unique spreading code. 20 tion for at least one other user of the communication system. 
Throughout the entire session, the DTCH is used exclusively The system uses an Extended Transmission Power Con- 
by the active user. trol (£TPC) field, which contains packet transmission power 
The circuit switched method is robust and results in high control information for the other users of the packet 
system capacity by supporting macro-diversity (soft switched communications system. This allows for very fast 
handover) power control. In wideband multiservice CDMA 25 c j osed i 00 p p0 wer control, since the power control infor- 
systems, extremely bursty traffic needs to be supported by mation is updated once every frame, even once every packet, 
adjusting the data rate, and hence the spreading factor and for packet transmission over shared single physical dedi- 
spreading code. However, the need to quickly adjust the cated traffic channel. There is thus a significant capacity 
spreading code leads to highly complex code allocation improvement. 

algorithms. 3° Thus, a scheme to multiplex many bursty packet data 
Another popular method for accommodating bursty ser- users onto a single physical Dedicated Traffic Channel 
vices is through packet switched data. ETSI UMTS (DTCH) is provided. This scheme has advantages over both 
W-CDMA and ARIB W-CDMA propose to use the Random random access packet and single user per code virtual circuit 
Access Channel (RACH) and the Forward Access Channel transmission schemes for bursty packet data. The invention 
(FACH) to transmit infrequent bursty packet data. The 35 simplifies orthogonal spreading code allocation while main- 
advantage of such a scheme is a quick set up time, since taming most of the benefits of virtual circuit transmission 
dedicated channel is not required. However, this transmis- (e.g., soft handover, diversity gain, and closed loop power 
sion mechanism uses open loop power control only, and control). 

macro-diversity is not supported. BRmp DESCRIFn0N 0F THE DRAWINGS 

In patent application Ser. No. EP 98303327.5 "Time L _,. . L . 

Division Multiple Access Communication System", multi- embodiment of the invention is described, by way of 

plexing many bursty packet data users onto the same down- exam P le > ^ reference to me ^wing figures, in which: 

link DTCH was described. The multiplexing scheme com- FIG - 1 illustrates a prior art downlink DTCH channel 

bined many of the benefits of the above mentioned schemes, structure; 

namely low complexity code allocation, macro-diversity and FIG- 2 illustrates another prior art downlink DTCH chan- 

soft handover and low associated control overhead. In ne l structure; 

addition, the scheme provides limited closed loop power FIG. 3 illustrates a prior art downlink DTCH channel 

control. The extent to which the fast closed loop power serial transmission; 

control can be achieved depends upon radio frame configu- 5Q FIG. 4 illustrates a prior art downlink DTCH channel 

ration since the more slots allocated to a user in a radio parallel transmission; 

frame, the better the closed power control. However, in the FIG. 5 illustrates a prior art UPF structure; 

worst case, where only one slot is allocated to a user in one FIG. 6 illustrates a prior art UPF pattern repetition; 

frame, closed loop power is slowed down and thus there is FIG. 7 illustrates a prior art transmission power control 

a significant performance hit. 5S symbol 

There is thus a requirement for a fast closed loop power FIG. 8 illustrates a transmission power control mecha- 

control to maintain packet data transmission performance. nism according to the invention; 

SUMMARY OF THE INVENTION FIG. 9 illustrates another transmission power control 

mechanism according to the invention; 

According to a first aspect of the invention there is 60 FIG. 10 illustrates another transmission power control 

provided a packet switched communications system com- mechanism according to the invention; 

prising a downlink communication channel over which a to pig. u illustrates yet another transmission power control 

station communicates with at least one user, said downlink mechanism according to the invention; 
communication channel being divided into a plurality of 

frames, each frame including a plurality of data packets, 65 DETAILED DESCRIPTION 

each data packet being directed to a predetermined user and In the initialization stage, a mobile station (MS) acquires 

including transmission power control information for said slot and frame synchronization and also needs to perform 
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code-group identification and scrambling code identifica- User 3, User 5, User 7, User 9, User 10, User 12, User 13, 

tion. After the scrambling code has been identified, the and User 14, 

primary Common Control Physical Channel (CCPCH) can Note that UPFO is always set as 0. To make it more 

be detected, the system and cell specific BCCH information robust, repetition or simple encoding can be used to obtain 

can be read. The Random Access Channel (RACH) will be 5 diversity gain as shown in FIG. 6. 

known to the MS. Control information (Pilot, TPC, and RI) is transmitted in 

For an MS initiated bursty packet data transmission, the every slot on DTCH, even in a blank slot (no data packet 

MS performs a random access request procedure. Based on filled in that slot). Therefore, soft handover mechanism, as 

the successful reception of the random access request from we U as limited closed loop power control, may still be 

an MS, the Base Station (BS) informs the MS about DTCH 10 retained. 

on which the packet data is to be transmitted. For BS The uplink transmission is not time multiplexed; each 
initiated bursty packet data transmission, the BS simply user is assigned a unique spreading code, thus code multi- 
pages the user(s) and indicates the DTCH on which the plexed. Since the control channel is transmitted continu- 
packet data is to be transmitted and the MS acknowledges ously for each user in the uplink, the base station is able to 
the DTCH set up. In both cases, MSs are informed by the BS is monitor the received power continuously. However, the BTS 
about the number of the slot in the DTCH frame assigned to ^ limited in the number of power control symbols it is able 
them. In other words, each MS knows the location of the slot to send each user. In fact, the BTS only transmits a TPC 
(if any) in the DTCH frame to receive packets. symbol relevant to an individual user, during the slot 

The Downlink DTCH channel is organized as shown in assi g ncd t0 uscr ( e -B- Uscr *> showo " FIG - 7>- 

FIG. 1. A DTCH frame consists of 16 slots. The first slot is 20 Consequently, the user may receive as few as one TPC 

used to transmit a User Packet Flag (UPF) indicating the s y mbo1 P er frame ™ the worst case » wherc ^ one slot * 

location of a packet that is addressed to a specific user. The a frame K allocated to a user. The uplink power control is 

rest of the slots in the frame will be used to transmit user Umited > not onl y in the <l ualit y of the ^formation, but also 

packets m k° w often the information can be transmitted. 

Cbntrol information (pilot, transmission power control 25 . Almough tois scheme has advantages over both transmis- 

j 4, ' c 7- mr\ • « -*f j j j * sion on Random Access Channel (RACH) and single user 

(TPC), and rate information (RI) is transmitted on a dedi- , . r L . i . ^ . \_ * i 

. j u • i * i u i /r^n^i~Ti\ . • *■ per code schemes for bursty packet data, the power control 

cated physical control channel (DPCCH) and data lnforma- f . , , , * i < r 

. \ ... , j j- \ j i_ • i j * i_ i being may slowed down, when the power control informa- 
tion is transmitted on dedicated physical data channel . \ , A , 9 - r 
(DPDCH). The DPCCH and DPDCH are multiplexed in tion « only updated once every frame, 
time, as shown in FIG. 1. While the' DPDCH aligned to 30 . extend f mg *° ™ C field K to co ° tam power control 
, i * *u r\Tiri /T t c *u Finr- information for all users in a physical channel, all MS users 
each user carries the user packet, the DPDCH of the UPF . , - . <• r /. . « . t 

, , i t a /j ttitA • c - . i are able to receive TPC information in every slot, even when 

cames the user packet flag (UPF) information instead. . . , , _ . , ' ' 

r . \ * ™ • * t ii they are idle on the down link transmission. MS users can 

A common configuration of the DTCH is such that not all ^ adjust ^ Jmk transmission wer m 

frame slots are filled up by user packets, as shown in FIG 35 re to ch ^ lhe r ^ oajdxmm 

2. In cases where one DTCH frame cannot accommodate all Consider, for example, an application of down-loading a 

active packets from each user more than one DTCH frame icmre from Intemet ^ ^ kel data transmission rate 

15 f Cd ' ^™ V 5 Sht !T l f F °; ' N ° u that °T of 128 kbps. In one radio frame, there are about 60 bits 

only one DTCH channel (multiple frames, but only one code loa(J ]us g flol b{% md 2 ^ Wte (oQe bol) wimm 

channel) is used. This scheme is used when the delay is 40 a ^ of Q 625 ms It ^ feasible tQ ex{end ^ ^ field 

allowable according to quality of service (QoS) requirement. symbol number from Qne tQ ^ number of ^ over ^ 

To achieve higher bit rate transmission, a multicode physical channel, shown in FIG. 8. 

scheme is used to set up multiple DTCHs, shown in FIG. 4. Note mat 8 per ra di 0 frame were used as an 

A User Packet Flag (UPF) is composed of 15 fields, example. Obviously, the fewer users per frame, the less the 

corresponding to at most 15 slots for user packets in a frame 45 overhead and the more efficient the data transmission. On 

UPF=[UPF1, UPF2, UPF3, . . . , UPF15] the other hand, the less users per frame, the less efficient the 

Each field of a UPF indicates slot status (whether there is code utilization. Therefore, there is a clear trade off between 

a packet for the specific user or not): the number of users multiplexed onto a frame and code 

UPFi*=[status] utilization efficiency. When overhead of TPC symbol is too 

where 50 large (e.g., too many users on one code channel), one may 

consider deploying another code channel, 

no packet With the power control mechanism, radio frame configu- 

a packet ration may be shown as FIG. 9 and FIG. 10 (still using 8 

users for example), in FIG. 9, user 4 packet includes an 
55 extended TPC field that contains power control information 

A UPF is merely a sequence of bits of length L and, f or all users on uplink transmission. In addition to User 4, 

typically, L is equal to 15+1 (including first bit=0 each user listens to this field and picks up his own TPC 

permanently), since at most 15 users are assigned to receive symbol. Even in an idle slot where no user packet is 

bursty packet data from the DTCH. As soon as an MS transmitted, the extended TPC field used in conjunction with 

receives a UPF, it will be able to identify if there is a packet 60 pilot signal is still transmitted. Each user picks up its own 

contained in the frame. If there is, it can perform reception. TPC information even when the User Packet field is null. 

An example of UPF is shown in FIG. 5. This is shown in FIG. 10. 

This UPF pattern (UPF=6 A91 H) indicates that the since there is no code shortage problem on the up link 

following users have packets in the frame: transmission, it can be assumed that each packet data user 

User 1, User 2, User 4, User 6, User 8, User 11, and User 65 can hold one DTCH. In each time slot, the user packet data 

15. is destined to a particular user only. However, all users use 

The following users do not have packets in the frame: the pilot symbols. Therefore, the downlink transmit power 
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of the pilot symbols must be constant and high enough for 
all users to properly receive. The data portion may be 
adjusted for each user. Each user's continuous uplink control 
channel contains all downlink power control symbols 
defined for a Dedicated Traffic Channel. Hence the downlink 
can adjust the power level of user data properly, as shown in 
FIG. 11. 
What is claimed is: 

1. A packet switched communications system comprising 
* a downlink communication channel over which a station 

communicates with at least one user, 
said downlink communication channel being divided into 

a plurality of frames, each frame including a plurality 

of data packets, 
each data packet being directed to a predetermined user 

and including transmission power control information 

for said user, and 
at least one data packet in every frame includes transmis- 
sion power control information for at least one other 

user of the communication system. 

2. A packet switched communications system as claimed 
in claim 1 wherein said frame includes a null user packet, not 
directed to any predetermined user and wherein said null 
user packet includes transmission power control information 
for at least one user of the communication system. 

3. A packet switched communications system as claimed 
in claim 1 wherein at least one packet (data or null user) in 
every frame includes transmission power control informa- 
tion for at least one other user of the communication system. 
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4. A method of packet switched communication between 
a station and at least one user comprising 

providing a downlink communication channel over which 
said station communicates with said at least one user, 

dividing said downlink communication channel into a 
plurality of frames, each frame including a plurality of 
data packets, 

directing each data packet to a predetermined user 

including in each data packet transmission power control 
information for said user, and 

at least one data packet in every frame includes transmis- 
sion power control information for at least one other 
user of the communication system. 

5. A packet switched communication system comprising 
a downlink communication channel over which a station 

communicates with each of a plurality of users, 
said downlink communication channel being divided into 
a plurality of frames, each frame including a plurality 
of data packets, 
each data packet being directed to a predetermined one of 
the users and including transmission power control 
information for said user, and 
each of the data packets in every frame includes trans- 
mission power control information for the other users. 
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